metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

(2,2'-Bipyricline-4,4'-dicarboxylic acid- 
/c^N,N0chlorido(2,2':6',2"-terpyridyl- 
/c^yV,N',N'Oi'uthenium(ll) perchlorate 
ethanol monosolvate monohydrate 

Anne Nielsen, Christine J. McKenzie and Andrew D. 
Bond* 

University of Southern Denmark, Department of Physics and Chemistry, Campusvej 
55, 5230 Odense, Denmark 
Correspondence e-mail: adb@chem.sdu.dk 

Received 12 December 201 1 ; accepted 16 December 2011 

Key indicators: single-crystal X-ray study; T = 180 K; mean (t(C-C) = 0.006 A; 
disorder in solvent or counterion; R factor = 0.040; wR factor = 0.1 12; data-to- 
parameter ratio = 12.9. 

In the title compound, [RuCl(Ci5HnN3)(Ci2HsN204)]C104- 
C2H5OH H2O, the geometry of the CIN5 coordination set 
around the Ru" atom is close to octahedral, but distorted on 
account of the limited bite angles of the polypyridyl ligands. 
The complexes are linked by O— H- ■ O hydrogen bonds 
between the carboxyl groups and the crystal lattice water 
molecules into chains along [110]. Face-to-face stacking 
interactions are formed between terpyridine ligands, with 
interplanar separations of 3.66 (1) and 3.42 (1) A, and 
between bipyridine-4,4'-dicarboxylic acid hgands, with inter- 
planar separations of 3.65 (1) and 3.72 (1) A. Three O atoms 
of the perchlorate ion are each disordered equally over two 
positions. The hydroxy group of the ethanol molecule is also 
disordered over two sites with refined occupancies of 0.794 (9) 
and 0.206 (9). 

Related literature 

For background literature concerning Ru" complexes 
containing polypyridyl ligands, see: Kalyanasundaram (1982); 
Juris et al. (1988); Concepcion et al. (2008). For some other 
Ru" complexes containing the 2,2'-bipyridine-4,4'-dicarboxy- 
lic acid-N,N' ligand, see: Caspar et al. (2004); Eskelinen et al. 
(2000); Fujihara et al. (2004); Pearson et al. (2008); Philippo- 
poulos et al. (2007). Synthesis details for the precursor 
RuCl3(terpy) are given in Takeuchi et al. (1984). 




Experimental 

Crystal data 

[RuCl(C,5H,iN3)(Ci2H3N204)]- 

CIO4C2H6OH2O 
Mr = 777.53 
Triclinic, PI 
a = 8.7132 (5) A 
b = 11.9207 (7) A 
c = 15.9015 (8) A 
a = 90.913 (2)° 

Data collection 

Bruker-Nonius X8 APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 
r„i„ = 0.792, r„„ = 0.931 

Refinement 

R[F^ > 2a{F^)] = 0.040 

wR{F^) = 0.112 

S = 1.08 

5961 reflections 

462 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



CIO4- 

CH3CH2OH 
H2O 



^ = 104.110 (2)° 
y = 97.677 (2)° 
V = 1585.44 (15) A^ 
Z = 2 

Mo Ka radiation 
jLt = 0.73 mm^' 
r = 180 K 

0.20 X 0.12 X 0.10 mm 



22443 measured reflections 
5961 independent reflections 
4978 reflections with / > 2a(I) 
Ri„, = 0.031 



73 restraints 

H-atom parameters constrained 
Ap„ax = 0.91 e A"' 
Ap„i„ = -0.74 e A"^ 



D-H-A 


D-H 


H■■ .4 


D- ■ A 


D-H-A 


02-H2-01S 


0.85 


1.75 


2.601 (5) 


179 


02-H2-Oir 


0.85 


1.93 


2.545 (18) 


129 


04-H4- ■ OlW 


0.85 


1.72 


2.569 (4) 


179 


oiw-mw- ■ 01" 


0.85 


1.87 


2.720 (4) 


179 


oiw-mw- ■ ■02C"' 


0.85 


1.95 


2.795 (12) 


178 


OlS-HlS- ■ OIA" 


0.85 


2.14 


2.986 (8) 


180 


oir-Hir-02£>" 


0.85 


1.84 


2.69 (3) 


180 


Symmetry codes: (i) 


-.V, -v + l,- 


-z + 1; (li) 


-A'+l,-v + 2, - 


-z + 1: (lii) 



x~l.y+l,z; (iv) -j: 4- 2, + 1, -z + 1; (v) -.v + 1, -y + 1, -z + 1. 

Data collection: APEX2 (Bruker-Nonius, 2004): cell refinement: 
SAINT (Bmker, 2003); data reduction: SAINT; program(s) used to 
solve structure: SHELXTL (Sheldrick, 2008); program(s) used to 
refine structure: SHELXTL; molecular graphics: SHELXTL; soft- 
ware used to prepare material for publication: SHELXTL. 



We are grateful to the Danish Natural Sciences Research 
Council and the Carlsberg Foundation for provision of the 
X-ray equipment. 

Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: IS5031). 
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(2,2'-Bipyridine-4,4'-dicarboxyKc acid-/<:^A^^)chlorido(2,2':6',2"-terpyridyl- 
K A^^^')ruthenium(II) perchlorate ethanol monosolvate monohydrate 

A, Nielsen, C. J. McKenzie and A. D. Bond 
Comment 

Complexes of Ru^'^ with polypyridyl ligands are of interest on account of their photophysical and photochemical properties 
(Kalyanasundaram, 1982; Juris et al, 1988). Recent work in the area of the catalysis of water oxidation has indicated the 
utility of single-site Ru complexes (Concepcion et al, 2008). The next step towards realising artificial photosynthesis is 
to anchor these systems chemically to electrode materials. The title complex is intended to embody both required aspects: 
hydrolysis will result in replacement of the chloride ligand by hydroxide (the substrate of reaction), while the decorating 
carboxylate groups can be used as functionalities for linking the complex to surfaces. 

Experimental 

The precursor RuCl3(terpy) was synthesized according to Takeuchi et al. (1984). RuCl3(terpy) (345 mg, 0.08 mmol), 
H2(bipy-dca)H (bipy-dca = 2,2'-bipyridine-4,4'-dicarboxylic acid, 191 mg, 0.8 mmol) and triethylamine (380 ml, 2.7 mmol) 
were mixed in ethanol (30 ml) and water (10 ml) and heated under reflux overnight. The reaction mixture was cooled to 
room temperature and a small amount of black precipitate was removed by filtration. The filtrate was adjusted to pH 2 with 
perchloric acid (70% aqueous solution) and orange crystals were deposited over 24 h. 

Refinement 

H atoms bound to C atoms were positioned geometrically and allowed to ride during subsequent refinement, with C — H = 
0.95 (aromatic), 0.98 (methyl) or 0.99 (methylene) A, and with C/iso(H) = 1.2 (aromatic, methylene) or 1.5 (methyl) C/eq(C). 
H atoms bound to O atoms were positioned along the vector to the nearest hydrogen-bond acceptor with O — H = 0.85 A, 
then allowed to ride with (7iso(H) =1.5 (7eq(0). The perchlorate anion is modelled as disordered over two orientations with 
site occupancy 0.5. Atom 02A is common to both orientations. The CI — O distances were restrained to a single refined value 
(1.395 A), and O - O distances restrained to be 1.633 times that value, with standard uncertainty 0.01 A for all restraints. 
All atoms were refined with anisotropic displacement parameters, with the disordered O atoms restrained to approximate 
isotropic behaviour. The ethanol molecule is modelled as disordered over two orientations, both in suitable positions to form 
hydrogen bonds to a neighbouring perchlorate anion. Atoms CIS/CIT in the two orientations were constrained to lie at the 
same coordinates with the same displacement parameters. All non-H atoms were refined anisotropically but restrained to 
approximate isotropic behaviour. The site occupancy factors for the two parts were constrained to sum to unity; the refined 
values are 0.794 (9):0.206 (9). The largest peak in the difference density lies close to the disordered ethanol molecule. 
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Figures 




Fig. 1 . Molecular structure with displacement ellipsoids shown at 50% probability for non-H 
atoms. 



Fig. 2. Hydrogen-bonded chains running along [110]. Only one orientaton is shown for the 
disordered ethanol molecule and perchlorate anion. 



(2,2'-Bipyridine-4,4'-dicarboxylic acid-K^iV,iV')chlorido(2,2':6',2"-terpyridyl- K^iV,iV',iV")ruthenium(ll) per- 
chlorate ethanol monosolvate monohydrate 



Crystal data 

[RuCl(Ci5H 1 iN3)(C i2H8N204)]C104-C2H60-H20 

M,.= 777.53 
Triclinic, PI 
Hall symbol: -P 1 
0 = 8.7132 (5) A 
fe= 11.9207 (7) A 
c= 15.9015 (8) A 
a = 90.913 (2)° 
|3= 104.110 (2)° 
7 = 97.677 (2)° 
V= 1585.44(15) A^ 



„-3 



Z = 2 

f(000) = 788 
Dx= 1.629 Mgm" 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 8777 reflections 
6 = 2.5-25.5° 

|i = 0.73 mm ' 
T= 180 K 
Block, brown 
0.20x0.12x0.10 mm 



Data collection 

Bruker-Nonius X8 APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

thin-slice co and (p scans 
Absorption correction: multi-scan 
{SADABS; Sheldrick, 2003) 
r„i„ = 0.792, r^ax = 0.931 
22443 measured reflections 



5961 independent reflections 

4978 reflections with / > 2a{I) 
i?i„t = 0.031 

Qmax = 25.7°, 6min = 3.6° 
/!=-10^10 

yt = -14^14 
/ = -19^17 



Refinement 

2 

Refinement on F 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F^ > 2a(F^)] = 0.040 

wR(F^) = 0.m 

5=1.08 

5961 reflections 
462 parameters 
73 restraints 



Hydrogen site location: inferred irom neighbouring 

sites 

H-atom parameters constrained 

w = l/[a^(Fo^) + (0.0608P)^ + 1.3719P] 

where P = (Fo^ + 2FcV3 

(A/a)max = 0.001 

Apmax = 0.91eA-3 
Apmin = -0.74eA"^ 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement against ALL reflections. The weighted /^-factor wR and goodness of fit S are based on , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /^-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


tl- *lt! 


Rul 


0.30449 (3) 


0.52232 (3) 


0.229857 (17) 


0.03172(12) 


CU 


0.38277 (11) 


0.64610 (8) 


0.12517(6) 


0.0394 (2) 


01 


0.6470 (4) 


0.9485 (3) 


0.5612(2) 


0.0648 (9) 


02 


0.5089 (4) 


0.8261 (3) 


0.6277 (2) 


0.0655 (9) 


H2 


0.5578 


0.8627 


0.6751 


0.098* 


03 


0.0613 (4) 


0.3562 (3) 


0.59862 (19) 


0.0588 (9) 


04 


-0.0105 (4) 


0.1927 (3) 


0.5215 (2) 


0.0648 (9) 


H4 


-0.0493 


0.1692 


0.5632 


0.097* 


Nl 


0.3926 (3) 


0.6406 (3) 


0.33304(19) 


0.0334 (7) 


N2 


0.2417 (3) 


0.4362 (3) 


0.32745 (19) 


0.0329 (7) 


N3 


0.5009 (4) 


0.4411 (3) 


0.23588 (19) 


0.0348 (7) 


N4 


0.2151 (4) 


0.4007 (3) 


0.14012(18) 


0.0345 (7) 


N5 


0.0728 (4) 


0.5593 (3) 


0.18561 (19) 


0.0361 (7) 


CI 


0.4864 (5) 


0.7410(3) 


0.3332 (2) 


0.0404 (9) 


HIA 


0.5156 


0.7623 


0.2813 


0.048* 


C2 


0.5406 (5) 


0.8132 (3) 


0.4058 (3) 


0.0409 (9) 


H2A 


0.6078 


0.8823 


0.4040 


0.049* 


C3 


0.4968 (5) 


0.7846 (3) 


0.4814 (2) 


0.0374 (9) 


C4 


0.4015(4) 


0.6820 (3) 


0.4819 (2) 


0.0365 (8) 


H4A 


0.3699 


0.6603 


0.5331 


0.044* 


C5 


0.3525 (4) 


0.6115(3) 


0.4079 (2) 


0.0316(8) 


C6 


0.5576 (5) 


0.8626 (4) 


0.5610 (3) 


0.0463 (10) 


C7 


0.2617(4) 


0.4974 (3) 


0.4037 (2) 


0.0317(8) 


C8 


0.2015 (4) 


0.4523 (3) 


0.4706 (2) 


0.0329 (8) 
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XTO A 


0.2124 


cy 


U. IZd / (4) 




A 1 1 1 1 

U. 11 J-5 (4) 


XJ1 A A 




i^l 1 

CI 1 


A 1 T 1 T i'A\ 

U. 1 /IZ (4j 


11 1 1 A 

Ml lA 


A 1 1 T 




A AC/: "5 /ex 




u.o4yy (4j 


XJ1 A 

MiiA 


U.o/ lo 


/I 

C14 


(J. / /Uj P) 


XJ1 /I A 

xll4A 


U.o /34 




A "T/IA/; /'C\ 

U. /4Uo {j) 


11 1 c A 

Ml jA 


A 1 A 

U.oZlV 


ClO 


A CA 1 T 

U.jV 1 / P) 


MloA 


A C'7A/1 

yj.j /U4 


CI / 




Clo 




C19 


0.2449 (5) 


MlyA 




CzU 




U1A A 

MzUA 


A A/1 AC 


Czl 


—0.0074 (5) 


MZIA 


U. iioo 


Czz 


A ACAC //lA 

u.usys (4) 


Czi 


AA1AC 

—U.Uiyi (4) 


Cz4 


—0.1768 (5) 


MZ4A 


A T3AiC 


CZD 


A ^ /I AO 

— U.z4Ua pj 


MZjA 




Czo 




MZoA 




Cz / 


A AATQ /'C\ 

u.uu/s pj 


MZ/A 


A ATI 1 


Clz 


A QOT^ 


r\o A 
UzA 


l.UUOJ (Oj 


UZD 


A Qf\^^n f \ z\ 

U.aUo / 


UzC 




UzU 


A OAA1 /I T\ 

U.oUUl (1/) 




U.64/1 (13) 


Uzr 
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u.y4oj (14J 
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H3S 


0.6694 
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0.8019 


0.217 


* 


0.206 (9) 


C2S 


0.6458 (13) 


1.0616 (8) 


0.8968(6) 0.156(4) 




H4S 


0.6063 


1.1332 


0.9049 


0.233 


* 




H5S 


0.7609 


1.0696 


0.9236 


0.233 


* 




H6S 


0.5900 


1.0013 


0.9241 


0.233 


* 




Atomic displacement parameters (A^) 






















u 


Rul 


0.02898 (18) 


0.0418 (2) 


0 02243 (17) 


-0 00185 (12) 


0 00673 (11) 




CU 


0.0347 (5) 


0.0531 (6) 


0 0295 (5) 


-0 0012 (4) 

V« \J\J 1 ^ \~/ 


0 0101 (4) 


A AAA1 /J^'V 

U.UUUi [ft) 


01 


0.091 (3) 


0.0474(18) 


0 0447 (18) 


-0 0189 (18) 


0 0104 (17) 




02 


0.097 (3) 


0.0547 (19) 


0.0401 (18) 


-0.0176 (18) 


0.0235 (17) 


A Al /"\ A\ 


03 


0.078 (2) 


0.0578 (19) 


0 0398 (17) 


-0 0216 (16) 


0 0298 (16) 


A Al IT /l /1\ 


04 


0.093 (3) 


0.0508 (19) 


0 0516 (19) 


-0 0214 (17) 


0 0374 (18) 


_A aa/;a 
U.UUOU yi-^) 


Nl 


0.0284(15) 


0.0400(17) 


0 0299 (16) 


0 0002 (13) 


0 0063 (12) 


_A AA1 0 /■! '^^ 

U.UUlz yi-j) 


N2 


0.0285 (16) 


0.0404(17) 


0.0283 (15) 


0.0014 (13) 


0.0067 (12) 


A AACT /I Tv 


N3 


0.0321 (16) 


0.0452 (18) 


0 0262 (15) 


0 0002 (14) 


0 0086 (13) 


U.UUZZ (Ijj 


N4 


0.0328 (16) 


0.0453 (18) 


0 0241 (15) 


-0 0017 (14) 


0 0089 (12) 


U.UUjZ (^1 


N5 


0.0349 (17) 


0.0479 (19) 


0.0252 (15) 


-0 0008 (14) 


0.0106 (13) 


A AAA 1 


CI 


0.041 (2) 


0.044 (2) 


0.033 (2) 


-0 0052 (18) 


0 0091 (17) 


A AA IT /■! 7\ 


C2 


0.039 (2) 


0.038 (2) 


0 040 (2) 


-0 0062 (17) 


0 0068 (17) 


U.UUj4 (1 / j 


C3 


0.040 (2) 


0.037 (2) 


0 033 (2) 


0 0024 (17) 


0 0058 (16) 


_A AA^Q /I /;"\ 

U.UU40 i,10j 


C4 


0.041 (2) 


0.039 (2) 


0.0299 (19) 


0.0023 (17) 


0.0100 (16) 


U.UUZD (,i jJ 


C5 


0.0281 (18) 


0.0376 (19) 


0 0283 (18) 


0 0016 (15) 


0 0073 (14) 


A AA1 ^ /I ^\ 

U.UU 1 J yi-J) 


C6 


0.058 (3) 


0.041 (2) 


0 036 (2) 


0 002 (2) 


0 0069 (19) 


A AA^Q /l 7\ 

U.UUjV ' ) 


C7 


0.0280 (18) 


0.040 (2) 


0 0242 (17) 


0 0028 (15) 


0 0021 (14) 

V • yjyjx^ 1 1X^1 


_A AACI /I C'i 

U.UUjj yij ) 


C8 


0.0331 (19) 


0.039 (2) 


0 0242 (17) 


0.0001 (16) 


0 0053 (14) 


A AAyl Q f"\ A\ 

U.UU4o (,i4J 


C9 


0.0340(19) 


0.043 (2) 


0 0250 n S'l 


0 0026 (\«\ 


0 0052 n 5') 


A AAAC /l C\ 

U.UUUj v1->J 


CIO 


0.039 (2) 


0.034 (2) 


0 036 (2) 


-0 0003 (16) 


0 0081 (16) 


_A AA1 1 /I /;"\ 
U.UUj 1 (^lOj 


Cll 


0.039 (2) 


0.041 (2) 


0 033 (2) 


0 0010 (17) 


0 0109 (16) 


_A AATC /I 

U.UU / J vioj 


C12 


0.039 (2) 


0.045 (2) 


0 032 (2) 


-0.0023 (17) 


0 0079 (16) 


A AAA/^ f"! 7^ 

u.uuuo [ i- / ) 


C13 


0.037 (2) 


0.047 (2) 




0 nn7n n t'i 

U.UUZ,U \\- 1 ) 


0 OOfS? 1 fi'^ 

U.UUUZ, 


A AA 1/1 / 1 /C\ 

U.UU14 yi-O) 


C14 


0.034 (2) 


0.058 (3) 


0.040 (2) 


0.0058 (19) 


0.0040(17) 


A AAOA /I Q"\ 

U.UUZU yi^y) 


C15 


0.042 (2) 


0.055 (3) 


0.049 (2) 


0.010 (2) 


0.0122(19) 


A AAA /">\ 

U.UUU (Zj 


C16 


0.045 (2) 


0.049 (2) 


0.040 (2) 


0.0041 (19) 


0.0134 (18) 


A AAC/1 /I Q\ 

U.UU j4 ioj 


C17 


0.040 (2) 


0.042 (2) 


0.0299 (19) 


0.0008 (17) 


0.0109(16) 


A AAOQ / 1 

u.uuzy (iDj 


C18 


0.039 (2) 


0.047 (2) 


0.0296 (19) 


0.0006(17) 


0.0102 (16) 


_A AA/IQ /I /;"\ 

U.UU4(S (,10J 


C19 


0.053 (3) 


0.050 (2) 


0.040 (2) 


0.002 (2) 


0.012 (2) 


A All/; /I AN 

-U.UlZo {ly) 


C20 


0.054 (3) 


0.058 (3) 


0.041 (2) 


-0.005 (2) 


0.002 (2) 


-0.016(2) 


C21 


0.042 (2) 


0.057 (3) 


0.033 (2) 


-0.007 (2) 


0.0036(17) 


-0.0053 (18) 


C22 


0.033 (2) 


0.052 (2) 


0.0259 (19) 


-0.0044 (17) 


0.0073 (15) 


0.0001 (16) 


C23 


0.033 (2) 


0.052 (2) 


0.0246(18) 


-0.0035 (17) 


0.0100(15) 


-0.0006 (16) 


C24 


0.034 (2) 


0.072 (3) 


0.032 (2) 


-0.002 (2) 


0.0100(17) 


0.0024(19) 
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U.U34 [Z ) 


A AQ/I ("X\ 


A A/1 1 


A Al 1 (0\ 

U.Ui3 yL) 


A A1 ^0 ("\ Q\ 

U.UI JZ yiy) 


A AAQ fO\ 

u.uuy yz) 




A f\AA 


O.UO / {j) 


A A/10 

U.U4Z (^z J 


A Al /I (0\ 
0.014 yL) 


A Al O /">\ 

U.U lo {Z ) 


A AAO {0\ 

\j.\j\j2. yi) 


/ 


A A^A 

U.U4U (^Z ) 


A A^O 


A A10 /"O^ 


A AA^Q {\ Q"\ 


A Al ^ 1 / 1 7^ 

U.UI J 1 yi- / ) 


A AAA7 ( 1 7^ 

U.UUU / (1 / J 




A 1 AAO / 1 0"\ 


A AT AO 


A ATAT /" 1 A^ 
U.U /O/ (,iOJ 


A A1 1 1 {^\ 


A A 1 1 ^ /'Q\ 

U.UiiJ yy) 


—A Al Q7 {Q\ 

U.UI 6 / yo) 






A AQQ f''X\ 


U. i 33 [H) 


A Al 1 CW 
U.Ui 3 yD ) 


A AAO ^'X\ 
U.UUZ [j ) 


A A1Q {'X\ 
U.U3V \ J ) 


KJZD 


u. 1 oz (yj 


A 1 n 1 /'I A\ 

o.iyi (,iuj 


A 1 1 ^ /Q\ 
U.I 1 J (o) 


A A/1 ^ 

0.04O yo) 


—\j.\JO\j yi) 


A AAO 

"{}.{}{) z y/) 




A 1 rQ\ 
U.i /Z (^oj 


A 1 AQ 


Ally! /"T^ 


A AAI /"A^ 

U.Uoj yo) 


—A AAQ 

U.UUo \p) 


—A f\0 1 /"A^ 

u.uzi yo) 


VJZJJ 




A O^A /"I 
U.Z04 (ijj 


A 000 (\ A\ 
\j.LLL \ 


A A41 /"lA^ 

u.U4i yiv) 


A 1 (\0 /"I (W 

U.iUZ yi\)) 


A A4^ /"lA^ 


yjztL 


A 1 AT /"7\ 


A 1 1 T ^^\ 
U. 1 1 / ) 


A 1 Ol 

U. iZ3 yi ) 


A AA/^ //^^ 

u.uuo yo) 


A A"? 1 //^^ 
U.U3 1 ^Oj 


A A/1/1 //^^ 
U.U44 (O ) 


KJZr 




U. IzZ / j 


A 1 TA /S^ 


u.odz y/) 


A A/1Q 

u.U4y yi ) 


A A^T /"A^ 

U.Uj3 yo) 




Alio rn\ 
U.I iz {^/ ) 


A 1 OT /"T^ 

U. Izz /J 


A 1 OQ /"T^ 


A AAQ /"A^ 

u.uoo yo) 


U.Ulz \p) 


A AAA /"A^ 

U.UUU yo) 


OlW 


A AO A /OX 

0.084 (2) 


A A/IA /ox 

0.060 (2) 


0.0427 (17) 


A AO CO / I TX 

-0.UZ38 (1 /) 


A AO 1 O /I /;\ 

U.Uzlz (lo) 


A AACO /I c\ 

—0.0058 (15) 


OlS 


0.090 (4) 


0.064 (3) 


0.055 (3) 


0.007 (2) 


0.002 (2) 


-0.023 (2) 


CIS 


0.207 (9) 


0.176 (8) 


0.162 (8) 


0.027 (7) 


0.049 (7) 


0.059 (7) 


OIT 


0.13 (2) 


0.062 (12) 


0.055 (11) 


-0.032(11) 


0.017(11) 


-0.030 (9) 


CIT 


0.207 (9) 


0.176 (8) 


0.162 (8) 


0.027 (7) 


0.049 (7) 


0.059 (7) 


C2S 


0.207 (8) 


0.136(6) 


0.107 (6) 


0.059 (6) 


-0.008 (5) 


-0.060 (5) 



Geometric parameters (A, °) 



Rul 


2.072 (3) 


C14 — C15 


1.387 (6) 


Rul — ^N2 


2.019 (3) 


C14 — H14A 


0.950 


Rul — 


2.060 (3) 


C15 — C16 


1.371 (6) 


Rul — 


1.959 (3) 


C15 — H15A 


0.950 


Rul— N5 


2.079 (3) 


C16— C17 


1.374 (6) 


Rul— CU 


2.4035 (9) 


C16— H16A 


0.950 


01— C6 


1.201 (5) 


C17— C18 


1.476 (5) 


02— C6 


1.297 (5) 


C18— C19 


1.388 (5) 


02— H2 


0.850 


C19— C20 


1.381 (6) 


03— C12 


1.197(5) 


C19— H19A 


0.950 


04— C12 


1.303 (5) 


C20— C21 


1.374(6) 


04— H4 


0.850 


C20— H20A 


0.950 


Nl— CI 


1.356 (5) 


C21— C22 


1.382 (6) 


Nl— C5 


1.357 (4) 


C21— H21A 


0.950 


N2— Cll 


1.353 (5) 


C22— C23 


1.467 (6) 


N2— C7 


1.367(4) 


C23— C24 


1.386 (5) 


N3— C13 


1.354 (5) 


C24— C25 


1.378 (6) 


N3— C17 


1.367 (5) 


C24— H24A 


0.950 


N4— C22 


1.357 (5) 


C25— C26 


1.364 (6) 


N4— CIS 


1.358 (5) 


C25— H25A 


0.950 


N5— C27 


1.343 (5) 


C26— C27 


1.384 (6) 


N5— C23 


1.368 (5) 


C26— H26A 


0.950 


CI— C2 


1.374(5) 


C27— H27A 


0.950 


CI— HIA 


0.950 


C12— 02A 


1.362 (4) 


C2— C3 


1.382 (5) 


C12— 02B 


1.327 (7) 


C2— H2A 


0.950 


C12— 02C 


1.478 (7) 


C3— C4 


1.384(5) 


C12— 02D 


1.436 (8) 


C3— C6 


1.501 (5) 


C12— 02E 


1.362 (7) 


C4— C5 


1.379 (5) 


C12— 02F 


1.389 (7) 
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C4 — hl4A 


u.ysu 


Cj — C/ 


1.4/1 pj 


C/ — Co 


l.joi (D) 


Co — cy 


1 "lOI 

l.jsl (5) 


/"'O TTO A 


0.950 


Cy — ClU 


1 TOO 

i.Jsy pj 






CIO — Cll 


1.376 (5) 


CIO — ^HlOA 


0.950 


Cll — ^HllA 


0.950 


C13 — C14 


1.363 (5) 


C13 — ^H13A 


0.950 


1\JA "Dill XT'! 

JN 4 — Ku 1 — JN z 


95. /4 (l/J 


"\T/1 Dill "\T'5 


/y. lo ^izj 


JNz — Kui — JNi 


yj.jU (l.ij 


M/1 X) . . 1 M 1 

JN4 — Kul — ISi 


1 /4.jy (,i.^J 


Dill "\T1 

JN Z — Ku 1 — JN 1 


/S.50 (l/J 


"\n Dill "NTl 

JN 3 — Ku 1 — JN 1 


1 A A n Z M 1 \ 

lUU. IJ (^1 1 J 


JN4 — Kul — JN J 


^o /1A /1 1\ 
/y.4U (Izj 


"NTT Dill "MC 

JN Z — Ku 1 — JN J 


OA CI / 1 1 \ 

9U.51 (11) 


"Ml Dill 

JN 3 — Ku 1 — JN J 


ICO ^O /'1'>\ 

156.49 (1.^) 


"\T 1 Dill 

JN 1 — Kul — JN J 


lUU. /O (IzJ 


N4 — Kul — Cll 


ni 1 c /'o\ 
91.15 (9) 


ATI Dill /^l 1 

JN Z — Ku 1 — CI 1 


1 Tc /n\ 
1 /Z. /5 (9) 


1\J1 Dill i^l 1 

JNJ — Kul — Cll 


OA T> /OA 

9U.ZZ (9 ) 


JN 1 — Kul — Cll 


O/l OiC /o\ 

94.20 (9 J 


XT^ Di.1 i^n 
JN J — Kul — Cll 


QQ CO /'Q\ 

60. DZ (OJ 


i^/C TJO 

Co — Uz — riz 


1 1 1 T 
113. / 


C 1 z — U4 — xl4 


111 C 

111.5 


XT1 

CI — JNl — Cj 


11 /.9 p ) 


CI — JN 1 — ^Kul 


lzo.9 (z) 


/^C "\T1 Dill 

Cj — JN 1 — Kul 


1 1 C O /OA 

115.Z (Z) 


CI 1 — JNz — C/ 


I 1 T O \ 

II /.s p) 


CI 1 — JNz — ^Kul 


IZo.U (Z) 


/^"T XTO Dill 

C / — JNz — Kul 


11^1 

11 0.1 (Zj 


1 1 Ml 1 "7 

C 1 3 — JN 3 — C 1 / 


I 1 "7 O /I \ 

I I l.o (i) 


f^] 1 Ml Dill 

CI 3 — JN3 — Kul 


IZ I.I (i) 


i^l T XTl Dill 

CI / — JN3 — Kul 


1 1 /I c 
114.3 (Z) 


CZZ — JN 4 — C 1 o 


1 T 1 ^ /"3\ 

12 1.4 (i) 


/""Tl "\.T/1 Dill 

Czz — JN4 — Kul 


1 1 O T 

11 9. J PJ 


O M/l D..1 

Clo — ^JN4 — Kul 


1 1 O "5 

119.j (2J 


Cz / — JN J — Czi 


11 0.0 (jj 


"\Tc Dill 
Cz / — JN J — Ku 1 


126.3 (3) 


C23— N5— Rul 


113.1 (2) 


Nl— CI— C2 


122.4 (4) 


Nl— CI— HIA 


118.8 


C2— CI— HIA 


118.8 


CI— C2— C3 


119.6(4) 


CI— C2— H2A 


120.2 



ClZ — UzO 


1 An"* 

1 .4 11 (p ) 


(Jl W — ^ril W 


A OCA 


Ul W — ^rizW 


A OCA 


Ulk> — Clk> 


1 lO/l /I A\ 

l.io4 (14J 


U 1 o — rl 1 b 


A O CA 


Clo — Czb 


1 A An ^ ^ 'y \ 
1.44/ (13) 


pic 


0 000 


CIS — H3S 


0.990 


OIT — HIT 


0.850 


C2S — H4S 


0.980 


C2S — H5S 


0.980 


C2S — H6S 


0.980 


C14 — C13 — rlljA 


1 1 o c 
116.5 


/"'I'J /"'l/l /"'IC 

CI J — C14 — CI 5 


1 1 O A i A\ 

119.1) (4) 


CI J — C14 — rll4A 


1 OA C 


CI J — C14 — M14A 


1 OA C 


/"'l/C /"'IC /"'I/I 

Clo — C15 — C14 


1 1 O O t A\ 

116.9 (4) 


/^l/; /^IC TUICA 

Clo — C15 — HI 5 A 


1 TA /; 
12l).0 


A C XJ1 C A 

C14 — C15 — HI 5 A 


1 OA iC 

12U.O 


/^ic /^i/; /^iT 
C 1 5 — C 1 0 — C 1 / 


1 OA O t A\ 

iZKJ.Z (4) 


/^ic /^i/; lji/;a 
C 1 5 — C 1 0 — H 1 OA 


1 1 o o 
1 19.9 


CI / — Clo — HloA 


1 1 A A 

119.9 


JNi — CI / — Clo 


1 0 1 O t A\ 

121.2 (4) 


ATI 1 T 1 O 

SSi — CI / — Clo 


114.3 (3) 


/^l/; /^IT /^lO 

Clo — CI / — Clo 


1 0/1 C ^ A\ 

124.5 (4) 


JN4 — Clo — C19 


1 1 O O ^ A\ 

119.0 (4) 


XT /I 1 O 1 T 

JN4 — Clo — CI / 


1 1 O 

112.0 (i) 


/^lO /^lO /^IT 

C19 — Clo — CI / 


1 OT /: //l \ 
12 /.O (4) 


/^TA 1 O 1 O 

C2U — C 1 9 — C 1 0 


1 1 O O //lA 

11 0.0 (4) 


/^1A /^10 XJ1 0 A 

C2U — C 1 9 — H 1 9 A 


1 OA a 
12U.O 


/^10 /^lO XJ10A 

Clo — C19 — H19A 


1 0A a 
12U.O 


C2 1 — C2U — C 1 9 


1 OA O ^ A\ 

120.8 (4) 


/^Tl /^TA mA A 

C2 1 — C2U — H2U A 


1 1 o /; 
119.0 


/^10 /^1A XJOA A 

C 1 9 — C2l) — H2U A 


1 1 O iC 

119.0 


/^OA r^oi r^">T 
C2U — C21 — C22 


1 1 O O t A\ 

119.2 (4) 


r^^ri /^oi ml a 
C2U — C2 1 — H2 1 A 


1 OA A 

12U.4 


/^T> /^Tl ml A 

C22 — C2 1 — H2 1 A 


1 OA /I 

12U.4 


JN4 — C22 — C2 1 


1 OA A iA\ 

12U.U (4) 


JN4 — C22 — C23 


1 1 O O 

112./ (3) 


/^'ll /^OO 

C2 1 — C22 — C2 J 


1 OO A ^ A \ 

VZIA (4) 


JN 3 — C2 j — C24 


1 O 1 O //I \ 

121.2 (4) 


JN J — C2 J — C22 


1 1 c c 
IID.D (3) 


t^'IA /^T3 /^T> 

C24 — C23 — C22 


1 Ol 1 //l \ 

123.3 (4) 


C25— C24 — C23 


119.2(4) 


C25— C24— H24A 


120.4 


C23— C24— H24A 


120.4 


C26— C25— C24 


119.6(4) 


C26— C25— H25A 


120.2 


C24— C25— H25A 


120.2 
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/"'T TTI A 

Co — C2 — Hz A 


120.2 


r^'^ r^i r^A 
Cz — — C4 


1 1 O A i1\ 

1 1 5.4 (i ) 


/^"i /^iC 
— Ci — Co 


1 1 ft iC I A\ 

lly.o (4J 


r^A r^i r*^£. 
C4 — Ci — Co 


111 Ci 11\ 

Izl.y (jj 


r^z r^A r^i 
Cj — C4 — Ci 


lino 
liy.5 (i) 


U/1 A 

CD — C4 — xl4A 


1 lA 1 

IzU.l 


/^"i XJ/1 A 

Ci — C4 — xi4A 


1 1 

IzU.l 


/^C /^/l 

JN 1 — C J — C4 


Izl.o (JJ 


"\T1 i^C 

JN 1 — CD — C/ 


11/1 1 /"3\ 

1 14./ (3) 


r^n 

C4 — CD — C / 


1 n n 
l/3.y \i) 


rw r^c /^o 
U 1 — Co — Uz 


lz4.s (4J 


Ul — Co — C3 


1 T 1 /I //I \ 

1/1.4 (4) 


r\'> r^c f^i 
Uz — Co — C3 


111 Q { A\ 

113.6 (4) 


XTI 

JNz — C / — Co 


1 T 1 1 \ 
1/1./ (3) 


Ml /^T /^C 

JNz — C / — CD 


114.0 \i) 


/^o f~^n f~^z 
Co — C / — CD 


1/4./ \i) 


r^c\ r^Q r^n 
cy — Co — C / 


IzU.D ^3J 


r*^c\ r^Q xjo A 
Cy — Co — xioA 


1 1 ft o 


r^n r^o xjo a 
C / — Co — xioA 


1 1 ft o 


r^Q r^c\ (\ 

Co — cy — c 1 u 


1 1 O 1 

116.3 \i) 


Co — cy — C 1 z 


1 1 O T /"3\ 

lis./ (^3 J 


CiU — cy — Ciz 


1 T2 A 

Izi.U (jj 


cii — clu — cy 


1 1 ft 1 

lly.l (ij 


i^l 1 i^lA XJ1AA 

CI 1 — ClU — rllUA 


1 lA /I 

1/U.4 


/^n 1 A LJ 1 A A 

cy — ClU — Ml OA 


1 TA /I 

lzl).4 


JNz — CI 1 — ClU 


1 A 

Izj.U \i) 


JNz — Cll — hlllA 


1 1 o c 

116.5 


C 1 n C 11 H 1 1 A 


1 1 S S 

i i o. J 


03 — C12 — 04 


125.1 (4) 
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